Background: Suture-button repair is a widely accepted surgical treatment for acute and isolated ankle syndesmosis injuries. To our knowledge, midterm results have not previously been reported.
Proper treatment of isolated injuries of the syndesmosis complex is challenging but needed to avoid chronic instability, cartilage damage, and early osteoarthritic changes of the ankle joint. Thus, several treatment options have been discussed in the literature. 11 Conservative treatment is recommended in stable syndesmotic injuries; these mainly include lesions of the anterior inferior tibiofibular ligament with or without integrity of the interosseous ligament with an intact deltoid ligament and the absence of subjective instability. 26 Unstable syndesmotic injuries, mostly with additional lesions of the deltoid ligament, should be managed operatively. 26, 27 If treated operatively, 2 different procedures are widely used: insertion of a syndesmotic screw and suture-button fixation. Insertion of a syndesmotic screw results in a more rigid fixation of the syndesmosis, and importantly, early weightbearing can cause screw breakage. 3 Another disadvantage of the traditional syndesmotic screw is that it requires obligatory implant removal after the index operation; the hardware removal rate with the suture-button device is significantly lower. 7, 22 Alternatively, fixation with a suture-button allows physiological micromovement between the distal tibia and fibula. This also enables early postoperative weightbearing and adequate reduction of the syndesmosis. 12, 21, 23, 29 Over the past few years, syndesmotic injuries, mostly associated with bony or further ligament lesions, were treated more commonly with the suture-button fixation system and have shown promising postoperative outcome results in short-term follow-up. 5, 7, 17, 22 The objective of the current study was to assess the clinical and magnetic resonance imaging (MRI) outcomes of a suture-button fixation system used to treat acute instability of tibiofibular syndesmotic lesions. Our hypotheses were that patients would neither suffer from any pain or malfunction nor would there be any relevant lesions of the cartilage after treatment with a suturebutton fixation system.
METHODS
The study was approved by the institutional ethics committee and registered in the German clinical trial registry; informed consent was obtained from all patients. Inclusion criteria for this study consisted of adult patients of both sexes who were treated operatively for isolated and acute (within 3 weeks after trauma 9 ) lesions to the syndesmotic complex with a suture-button fixation system. Syndesmotic lesions were concurrently diagnosed as unstable due to either objective instability in clinical examination or the patient's subjective instability in combination with a verified lesion of the syndesmosis on a 3-T MR image. Proceeding with surgical management was decided by findings from clinical examination, standard anteroposterior and lateral radiographs, MR scans, and the patient's demands. More precisely, we indicated surgery when clinical examination of the upper ankle joint (squeeze test, Kleiger test, tenderness proximally over the anterior tibiofibular ligament and proximal along the interosseous membrane 1 ) showed an instable ankle joint, MR examination showed a torn anterior and/or posterior tibiofibular ligament, and patients considered themselves as highly active.
Exclusion criteria were patients with additional pathologies (eg, fractures or osteochondral lesions) affecting the ankle, additional operative treatment, or chronic tibiofibular instability.
All syndesmotic injuries were treated with the suture-button system during the study period, and no patient was excluded from the study because of other types of fixation.
Surgical Technique
All patients were placed in the supine position. After incision on the lateral fibula, the ankle was placed in moderate plantar flexion, which facilitates accurate fibular reduction into the incisural notch of the tibia. Under fluoroscopy, the reduction was held in place with a Weber clamp and carefully controlled in all planes. Afterward, a Kirschner wire (K-wire) was inserted approximately 2 cm proximal of the tibiotalar joint, and a parallel entrance position was controlled for under fluoroscopy in anteroposterior and lateral views. The K-wire was overdrilled by the 4-mm cannulated drill and the Tightrope (Arthrex) inserted. The medial button was passed through the medial cortex of the tibia, and the pulley was tightened to complete the reduction of the tibiofibular joint (confirmed by fluoroscopy). When both buttons were flush with the bone, the FiberWire (Arthrex) was hand tied on the lateral side, with the foot in 20 of internal rotation and 10 of plantar flexion, and cut to 1 cm in length. 24 Postoperatively, all patients were placed in a short-leg splint in the neutral position, and weightbearing was prohibited for 2 weeks. After suture removal at 2 weeks, the splint was removed and a pneumatic cam boot was applied. Range of motion (ROM) was restricted to plantarflexion/dorsiflexion 20 /0 /0 and no pronation for 6 weeks. After 6 weeks of full weightbearing, anteroposterior and lateral views were obtained, and the boot was removed before allowing full mobilization of the ankle. Strengthening and running were allowed after 6 weeks; full return to competitive sports was permitted after 10 to 12 weeks.
Functional and Subjective Assessment
All patients were assessed between March and April 2016 at final follow-up. Assessment consisted of a clinical examination and MRI of both ankles as well as a postoperative questionnaire. The postoperative questionnaire included: level of sporting activities, the German version of the Foot and Ankle Disability Index (FADI), 16 presence of irritations caused by the medial or lateral suture button, and whether the patient underwent removal of the suture button. Furthermore, subjective level of satisfaction of surgical treatment, scored as excellent, good, fair, or poor, was recorded. All patients were examined by 2 orthopaedic surgeons (F.P.F. and J.P.).
Patients also underwent clinical examination of both ankles, which included measurement of ROM using a goniometer. Medial and lateral stability were also tested, and the American Orthopaedic Foot and Ankle Society (AOFAS) ankle hindfoot scoring data were calculated.
Radiological Assessment
High-resolution 3-T MRI of the ipsilateral and contralateral ankles was performed using a whole-body scanner (Ingenia; Philips Healthcare) with a dedicated 8-channel foot ankle coil ( Figure 1 ) with the foot in slight dorsalextension. In addition to morphological sequences (see the Appendix), a 2-dimensional multislice multiecho (MSME) spin-echo T2-weighted mapping sequence was acquired for cartilage T2 relaxation time measurements. A 3-dimensional T1-weighted gradient echo sequence with short echo times was acquired for morphological detection of calcifications of the syndesmosis. Detailed MR parameters are given in the Appendix.
MR Image Analysis
MR images of both ankles were transferred on Picture Archiving Communication System (PACS) workstations (Easy Vision; Philips). MR images were assessed semiquantitatively by 1 musculoskeletal radiologist (P.M.J.). The Ankle Osteoarthritis Scoring System (AOSS) 20 was used to quantify degenerative changes of the ankle. This score contains 5 major criteria (depth of cartilage damage, defect of the subchondral bone, osteophytes, subchondral cysts, bone marrow edema) and 5 minor criteria (anterolateral or anteromedial meniscoid, effusion, loose joint bodies, synovitis). The major criteria are evaluated with up to 3 (0-3) points and the minor criteria with up to 1 (0-1) point. The range of the total score is from 0 to 20 points (0 indicating the healthiest score). The syndesmotic ligaments, including the anterior inferior tibiofibular ligament (AITFL), the posterior inferior tibiofibular ligament (PITFL), and the interosseous tibiofibular ligament (ITFL) were graded as follows: unaffected (grade 0), hyperintense signal alterations on T2-weighted images (grade 1), partial tear (grade 2, partial discontinuity but preserved remnant fibers), and complete tear (grade 3, complete discontinuity of the ligament). 10 Widening of the syndesmosis was measured separately for the anterior width of syndesmosis and the posterior width of syndesmosis on transverse T2-weighted images. 4 Malreduction of the syndesmosis was defined as a 2-mm difference in the width of the syndesmosis, separately for anterior and posterior syndesmosis, compared with the untreated contralateral ankle. Calcification of the syndesmosis was documented as present or absent. T2 relaxation time maps were calculated pixelwise from MSME spin-echo images using a monoexponential nonnegative least-squares-fit analysis provided by the manufacturer. For T2 relaxation time measurements, segmentation of tibial, talar, and fibular cartilage compartments was performed by 1 observer (G.F.) by manually drawing regions of interest on all slices using OsiriX Lite v.7.0.2 software (Pixmeo SARL).
Statistical Analysis
Statistical analysis was performed using SPSS version 17.0 (IBM Corp). The distribution of data was tested by plotting graphs and was shown to be nonnormal for outcome scores and syndesmosis width and normal for T2 values. Outcomes scores and widths of syndesmosis were compared with the contralateral ankle using the Wilcoxon test. T2 values were compared using the Student t test. Correlations between clinical and radiographic outcomes were determined by calculating the Spearman coefficient (rho). A P value <.05 was considered to indicate statistical significance for all tests. Because of the limited number of patients included, a formal post hoc power analysis was not appropriate, as more patients could not be included to increase power. Instead, the effect size of our study was generated directly from our sample size. T2 relaxation times and degenerative changes of the ankle were not significantly increased in ipsilateral ankles compared with contralateral ankles, and T2 relaxation times were not significantly increased in patients with thickened or elongated syndesmoses.
RESULTS
Between January 2006 and June 2014, 19 (9 female, 10 male) patients met the inclusion criteria and were part of the study. No patient was lost to follow-up. Mean patient age was 29 ± 11 years at the time of surgery, and the mean follow-up time from surgery was 62 ± 31 months. The mechanism of trauma was always a hyperdorsiflexion and external rotation of the ankle. Injury occurred during noncontact sports (n ¼ 12), direct trauma to the ankle from an opponent in a contact sport (n ¼ 2), or as the result of a fall (n ¼ 5). All ankles appeared to be unstable on clinical examination, with 11 cases demonstrating a torn AIFTL and the remaining 8 cases showing an additionally injured PITFL.
Clinical Outcome
The FADI score was calculated for all 19 patients, with a median of 136 (range, 78-136) out of 136 points.
Three patients refused to undergo postoperative clinical examination and MRI of the ankle because they were no longer experiencing any problems concerning pain or malfunction. Clinical examination for acute lesions of the syndesmosis was negative in all patients for the ipsilateral and uninjured ankle. The median AOFAS score was 100 points (range, 87-100).
Fifteen patients recorded excellent satisfaction, while 2 reported good, 1 reported fair, and 1 patient reported poor satisfaction. This patient was suffering from recurrent pain and instability of the ankle. Therefore, the tibiofibular joint was restabilized with a temporary syndesmotic screw in an external hospital 2 years after the index operation. Nine patients suffered from skin irritation because of the prominence of the suture button, especially while wearing hiking or skating boots. Five of these patients (2 external, 3 in our department) required removal of the suture-button device. Besides the hardware removal and 1 patient being retreated with a second operation, there were no reported complications related to the surgical procedure. Seventeen of 19 patients (89%) returned to their preinjury level of sports.
Eight patients participated in competitive contact sports, of whom 7 returned to the initial level. Nine patients performed ball sports at the recreational level, of whom 8 returned to the initial level. Two patients did not participate in any type of sports. Mean time to resumption of sports was 3 months.
Mean dorsiflexion ROM in the ipsilateral and contralateral ankle was 17 . Mean ipsilateral and contralateral plantarflexion was 37
. Mean ipsilateral and contralateral supination was 17 and 18 , respectively. Mean ipsilateral and contralateral pronation was 29 and 30 , respectively.
MRI Results
Mean ± SD cartilage T2 relaxation times of the ipsilateral (talus, 30.6 ± 2.1 ms; fibula, 35.0 ± 6.4 ms; tibia, 34.0 ± 3.4 ms) and contralateral (talus, 31.3 ± 2.3 ms; fibula, 34.0 ± 5.6 ms; tibia, 33.7 ± 1.8 ms) ankle did not differ significantly (talus, P ¼ .17; tibia, P ¼ .68; fibula, P ¼ .69). The mean widths of the anterior and posterior syndesmoses for the ipsilateral ankle were 3.2 ± 1.2 mm and 4.4 ± 0.9 mm, respectively, and did not show significant difference compared with the contralateral ankle (3.0 ± 0.6 mm and 4.2 ± 0.7 mm, respectively; anterior, P ¼ .81; posterior, P ¼ .59) (Figure 2) . Malreduction of the syndesmosis was found in 2 cases (patients 9 and 15) with a difference of 2.7 mm (2.5 À 5.2) in the width of the AITFL and a difference of 3 mm (3.2 À 6.2) in the width of the PIFTL from the involved to the uninjured ankle, respectively ( Figure 2 ). MRI showed minor morphological osteoarthritic changes of the ipsilateral ankle in 10 patients and of the contralateral ankle in 3 patients. Median AOSS score was 1.5 (range, 0-11) for the ipsilateral ankle and 0 (range, 0-6) for the contralateral ankle (P ¼ .014). The main morphological findings, which caused the greater AOSS score in the ipsilateral ankle, were osteophytes in 6 and signal alterations in the articular cartilage in 5 patients. Calcification of the syndesmosis was present for the ipsilateral ankle in 6 patients; no patient showed calcification of the syndesmosis for the contralateral ankle. The AITFL and PITFL showed a normal signal on MRI in 3 and 11 patients, respectively, and were signalaltered (thickened) in 13 and 5 patients, respectively. Despite 2 patients with malreduction of the AIFTL/PIFTL, there were no clear correlations between patients with thickening and/or calcification of syndesmotic ligaments or widening of the anterior and/or posterior syndesmosis and osteoarthritic changes to the ankle joint. None of the syndesmotic ligaments in the ipsilateral and contralateral ankles were completely or partially ruptured. Morphological analysis of the contralateral ankle showed a thickened anterior and posterior syndesmosis in 1 patient, a signal alteration in the tibial cartilage in 1 patient, and talar bone marrow 
Correlation of MRI and Clinical Outcome
Despite a significant correlation between T2 relaxation times of the ipsilateral fibula with the FADI and AOFAS scores, there was no statistically significant correlation found between global T2 relaxation times and clinical scores (Table 1 ). In addition, AOSS scores did not show a significant correlation with clinical scores. Global differences in width of the anterior and posterior syndesmosis did not correlate with clinical scores (Table 1 ). Mean ± SD T2 values of the entire ankle joint in patients with thickened syndesmotic ligaments (33.2 ± 5.3 ms) did not show a significant difference (P ¼ .44) compared with patients who showed normal syndesmotic ligaments (34.8 ± 4.1 ms) on MRI.
DISCUSSION
This study showed reliable clinical results (FADI, AOFAS) after treatment with the suture-button system for acute and isolated syndesmotic injuries; moreover, no relevant difference in quantitative MRI could be detected compared with the unaffected ankle.
As the suture-button fixation system for syndesmotic lesions has been widely used over the past few years, there have been a number of studies reporting good clinical and radiological short-term results. 5, 7, 17, 18, 25, 28 Naqvi et al 15 performed a randomized controlled trial to assess the reduction of syndesmosis after suture-button fixations with a short-term follow-up of 2.5 years. In contrast to our study, they measured the widening of the syndesmosis with single-sliced computed tomography scans compared with the uninjured ankle and did not report any cartilage condition. In total, none of the 23 assessed patients showed malreduction. However, according to our criterion, we detected 2 cases of malreduction in a 42-year-old female and a 20-year-old male at the time of surgery. The first patient showed a difference between the width of the ipsilateral (5.2 mm) and the contralateral (2.5 mm) anterior syndesmosis of 2.7 mm, whereas the second patient showed a difference between the width of the ipsilateral (3.2 mm) and the contralateral (6.2 mm) posterior syndesmosis of 3 mm. Regarding the clinical outcome, these patients showed mean AOFAS and FADI scores of 90 and 89 points and 129 and 109 points, respectively. Adequate reduction of the anterior and posterior syndesmosis was found in the remaining patients.
Degroot et al 7 reported good to excellent clinical outcomes with a mean AOFAS score of 94.2 points after a mean follow-up of 20 months in 24 patients. All patients suffered from concomitant fractures and received additional surgical treatment.
In 2012, Schepers 19 systematically reviewed the current literature about suture-button fixation and concluded a mean AOFAS score of 89 points. However, with a median AOFAS score of 100 points, our results are better. An explanation could be that our study group included young active patients with a mean age of 29.7 years who did not suffer from concomitant lesions and were therefore treated with isolated suture-button fixation of the tibiofibular joint. Thus, the severity and complexity of trauma mentioned by Schepers 19 may result in a lower clinical score. The most important factor for clinical outcomes in the treatment of syndesmotic ankle sprains is the accuracy of reduction of the distal tibiofibular clear space.
14 In 2011, Teramoto et al 23 evaluated whether the suture-button system provides adequate fixation for syndesmosis injuries. Exerting anterior, posterior, and external rotation forces to 6 normal fresh-frozen cadaver legs and subsequently measuring the diastasis of syndesmosis, they indicated that the suture-button system did not provide multidirectional stabilization for syndesmosis injuries. However, it was unclear whether the rotational forces used in this study were physiologic. This is not in line with the findings of Wang et al, 29 Klitzman et al, 12 and Soin et al, 21 who found an adequate stabilization of the syndesmosis after suture-button fixation in similar biomechanical studies. Our clinical as well as radiological results support these findings as we present mostly excellent patient satisfaction and a high return-to-sport rate.
Until now, the longest reported follow-up (2.5 years) of patients treated with the suture-button fixation system was described in 2012, with a mean AOFAS score of 89.6 points. 15 With a mean follow-up of more than 5 years, these midterm results represent the longest evaluation of the suture-button system for syndesmotic ankle sprains. The suture-button device had to be removed in 5 patients because of pain and skin irritation, mostly while undertaking sporting activities in tight shoes (eg, hockey, climbing). This percentage of implant removal (26%) is slightly higher compared with previous studies (0%-25%) 7, 18, 22 and may be caused by the long follow-up period, the high population of competitive athletes, and the type of sports in the present study.
As osteoarthritic changes and quality of articular cartilage of the ankle may predict the clinical long-term outcome, it is important to determine these parameters in MRI imaging in relation to the uninjured ankle. Therefore, we calculated the AOSS score and additionally evaluated T2 values of articular cartilage of both ankles. A slightly higher mean AOSS score was found in the injured ankle, which represents minimal osteoarthritic changes to the ankle. These osteoarthritic changes may be explained by the initial trauma, which influences the entire ankle joint. Additionally, we cannot rule out that the scar tissue around the former syndesmosis is not as stable as the original syndesmosis, resulting in micromovements that could potentially lead to the observed findings. In general, once these changes have occurred, they are difficult to reverse. As we did not detect a negative correlation with the clinical findings in patients with a higher AOSS score, we believe that these changes are too small to indicate clinical relevance at this time. Further investigations of these patients are needed to assess the clinical outcome. T2 values of the ipsilateral and uninvolved ankle did not show significant differences. This may indicate a comparable ultrastructure of cartilage in both ankles. Cartilage T2 relaxation time measurements at the knee have been shown to correlate with cartilage matrix degeneration, predict morphological cartilage loss, and are often used for quantitative evaluation of articular cartilage repair techniques. 2, 8, 13, 30 However, a clear correlation between T2-weighted mapping and clinical outcome after cartilage repair is still lacking. 6 Moreover, in our study, global T2 values of the injured ankle did not correlate with the clinical scores.
This study has a number of limitations. Clinical scores and MRI were obtained at 1 time point. Therefore, a longitudinal comparison could not be made. Clinical examination and MRI were not available for 3 patients because they were no longer experiencing problems and were unwilling to return for further testing. The median FADI score in this group was 136, which is identical to the results from the remaining patients (median FADI, 136) who were additionally evaluated with the AOFAS score. The small number of patients is due to the specific inclusion criteria. Despite these limitations, a strength of this study is the comparison with the uninjured ankle on MRI and the homogenous study group who were treated using the suture-button fixation system. 17 
CONCLUSION
Suture-button fixation is an excellent treatment for acute and isolated syndesmosis injuries, resulting in stable ankles without early or advanced osteoarthritic changes at midterm follow-up.
